S4

Synthesis of Thioamide Precursors.
The Fmoc-protected nitrobenzotriazole-activated amino thioacids were synthesized using a general procedure similar to those previously described. 2, 3 Coupling of Fmoc L-amino acids with 1,2-diamino-4-nitrobenzene. N-Methylmorpholine (2.2 ml, 20 mmol) was added to a solution of Fmoc-L-amino acid (10 mmol) in THF (100 ml) at -20 °C, followed by dropwise addition of isobutyl chloroformate (1.3 ml, 10 mmol). The mixture was stirred for 10 min, then 4-nitro-1,2-phenylenediamine (1.53 g, 10 mmol) was added, and the resulting slurry was stirred at -20 °C for 1 h and then at room temperature for 3 h. The precipitate was filtered off and the filtrate was evaporated to dryness. The residue was washed with EtOAc (250 ml) and the insoluble yellow solid was collected as pure product.
(9H-fluoren-9-yl)methyl (S)-(1-((2-amino-5-nitrophenyl)amino)-1-oxopropan-2-yl)carbamate (S1).
Isolated yield 86%; R f = 0.1 in 3:2 Hexanes/EtOAc; 1 H NMR (500 MHz, DMSO-d 6 , major rotamer only) 
Peptide Synthesis.
The peptides were manually synthesized with fritted syringes (Torviq; Niles, MI, USA) with an Fmoc- (Table S1 ) Purified peptides were lyophilized and stored at -20 °C. nm slit widths, 0-199 ns, peak channel count 10000. All spectra were collected with 5 µM peptide in 10 mM sodium phosphate buffer, 150 mM NaCl (pH 7.0), unless stated otherwise. Fits to single or double exponential functions were performed with FelixGX software as previously described. 9 Steady state S21 spectra are shown in the main text and Figs. S12-S14. Lifetime data from these mono-and biexponential fits are shown as insets in the steady state spectra and expanded lifetime plots showing residuals for data fitting are shown in Fig. S15 . Lifetimes and fitting χ 2 values are reported in Table S2 .
Since we expected that the peptides would adopt multiple conformations, we also fit the lifetime data to distributed exponential functions in order to determine whether we could observe quenched and unquenched populations. The TCSPC data for each fluorophore were fit using PTI PowerFit-10 with the Exponential Series Method. Fits for each sample were performed over the same time windows in the decay curves as for the mono-and bi-exponential fits. The fits were performed using 100 distinct lifetime values over a range which varied for each fluorophore. The resulting lifetime distributions were fit to gaussian functions (KaleidaGraph; Synergy Software; Reading, PA, USA) of the following form.
All of the variables m 1-6 were allowed to freely vary during fitting. Although we did observe some shorter lifetime components, the changes in overall lifetimes were dominated by a shortening of the longer lifetime component consistent with the values obtained from the single exponential fits. Six example fits are shown in Fig. S16 .
Spectral Overlap Calculations. The Förster distance, R 0 , is given in Å by Equation (S2)
where κ 2 is a geometrical factor that relates the orientation of the donor and acceptor transition moments, Φ D is the quantum yield of the donor, n is the index of refraction of the solvent, N A is Avogadro's number, and J is the spectral overlap integral defined in units of M -1 •cm -1 •nm 4 . J is formally defined as
where ε A (λ) is the molar extinction coefficient of the acceptor at each wavelength λ and f D (λ) is the normalized donor emission spectrum given by
where F Dλ (λ) is the fluorescence of the donor at each wavelength λ. Fluorescence spectra were integrated to calculate f D (λ). UV/Vis spectra (with the fluorophore contribution subtracted as indicated)
were used to determine ε A (λ). J values obtained using Equation (S3) for various donor/acceptor pairs are given in Table S4 . Substituting these results into Equation (S2), as well as literature values for the donor quantum yields Φ D (F*) = 0.11 and Φ D (µ) = 0.18), 1.33 for the index of refraction of water, and 2/3 for κ 2 gives the Förster distances listed in Table S4 . 7, 8 S27 Electronic Structure Analysis.
Quantum Mechanical Calculations. Calculations were performed on thioglycine monomers capped
with an N-terminal thioactyl group and a C-terminal amide to generate a minimal structure containing the dithioamide motif. The impact of n-to π * interactions on the electronic excitation of the dithioamide moiety was assessed by comparing transitions within a structure arranged in an all trans conformation to transitions in a structure including a thiocarbonyl n-to π* interaction. The all trans structure was generated by setting all backbone dihedral angles to 180°, while the n-to π * structure was generated using data for bond angles, bond lengths, and dihedral angles from the crystal structure of (S)- corresponds to a π π * transition within one of the thioamide groups (Fig. S17) . A significant contribution also comes from the transition from MO 40 to MO 55, which corresponds to a similar transition in the other carbonyl. The the third excited state (f=0.980) for the conformer containing the nto-π* interaction has an energy of 4.6089 eV and corresponding absorption of 269 nm after CIS(D) correction, as well as distinct electron density for the dominant ground state of the transition (Fig. S18 ).
The occupied ground state MO 43 for the transition featuring the highest oscillator strength shows significant electron density shared between the two thioamide groups. The corresponding excited state MO 57 for this transition shows that the density migrates in both thioamides. Although the calculated energies for the π-to-π* transitions are higher (as is common for CIS excitation energies), the trend is consistent with our experimental observations in that a distinct lower energy transition exists for two thioamide groups featuring an n-to π* interaction compared to a conformer in which these two groups do not interact. Table S4 , we treated the polythioamides as acting as a single chromophore unit. However, as noted briefly in the main text, it is likely that n-to-π* conformers of the dithiopeptides are only a subset of the conformational ensemble. Indeed, the fact that quenching by the dithioamide moieties is not significantly different than the sum of the quenching by the corresponding monothioamides implies that n-to-π* conformers make only minor contributions. A two state conformational ensemble model, is represented below, in which FRET in one state would occur between the fluorophore and each thioamide individually, and FRET in the other state would be between the fluorophore and the n-to-π* conformer, acting as a single chromophore. Physically, the R 0 value for the n-to-π* dithioamide unit would be a distance measured from the center of the electronic transition dipole for the fluorophore to the center of the electronic transition dipole for the excited state shown in The absorption spectra used in calculating the overlap integral represent some combination of the spectra of these two populations, only one which includes n-to-π* interactions. We do not currently have a way of experimentally forcing the i, i+1 dithiopeptides into an exclusively n-to-π* conformation.
all-trans Conformation
In addition, since we do not know what fraction of the total conformational ensemble includes n-to-π* interactions, we cannot deconvolute the absorption spectra to attempt to determine the Förster distance for the n-to-π* population alone. The values in Table S4 therefore represent lower bounds for the n-toπ* conformer R 0 with a substantial contribution from the individual thioamides acting as single chromophores. In practice, deconvoluting these contributions may be extremely difficult, but could be possible once an appropriate model system can be used to determine the extinction coefficient for a purely n-to-π* dithioamide chromophore. where N A is Avogadro's number; e is the elementary charge; E°D +/D and E°A /A-are the standard electrode potentials of the donor (thioamide) and acceptor (fluorophore) moieties, respectively; C is a solventdependent term accounting for the electrostatic work arising from the Coulombic interaction between the donor and acceptor during electron transfer, which is typically negligible in polar solvents; and E 0,0 is the vibrational zero electronic energy of the excited chromophore. If one compares PET quenching of a fluorophore by a monothioamide and a dithioamide in an n-to-π* conformer, a decreased oxidation potential for the n-to-π* dithioamide (E°D +/D ) would yield a more favorable ∆G ET for the n-to-π* dithioamide, and thus greater quenching through PET. Experimental measurements of the oxidation potential for the n-to-π* dithioamide will require a constrained system that exclusively populates the nto-π* conformer.
Although the TCSPC measurements clearly show that dynamic quenching plays a role in PET quenching in the thiopeptides, the small discrepancies between the quenching efficiencies calculated from the steady state fluorescence measurements and fluorescence lifetime measurements imply that static quenching may also play a role. Static quenching can occur either through intramolecular contacts between the fluorophore and quencher that depend on conformational dynamics, or through intermolecular contacts that depend on association of two thiopeptide molecules. In order to distinguish S34 between these two possibilities, we carried out steady state fluorescence measurements of peptides 17-24 at 10-fold lower concentrations than those used in the experiments for Fig. S13 and Fig. S14 . We chose these peptides because quenching operates exclusively through a PET mechanism for δ and ψ fluorescence. The level of quenching is essentially identical at the concentrations studied here (see Table S3 ). While the peptides may interact at high (mM) concentrations, these data show that there is no significant intramolecular static quenching in the low µM concentration range. Steady-State Protease Assays. Trypsin was dissolved in 1 mM HCl to make 0.5 mg/ml stock solution.
The working concentration of trypsin and substrate peptides 25-28 was 5 µg/ml and 8 µM, respectively. Measurement was performed by Tecan M1000 plate reader with a 96-well plate. The excitation wavelength was 325 nm and the excitation slit width was 5 nm. The emission wavelength was 391 nm and the slit width was 5 nm. The reaction volume for each well was 50 µl. The trypsin stock solution was diluted into the working buffer (20 mM sodium phosphate, 200 mM NaCl, pH 7.6) and incubated for 5 minutes at 25 °C. The cleavage reaction was initiated by adding peptide stock solution (40 µM) into the well and the fluorescence was monitored immediately using the plate reader. Prior to addition of trypsin, and following a 1 h trypsin incubation (where proteolysis should be complete), the fluorescence lifetimes of peptides 25-28 were measured using the TCSPC system described above for µcontaining peptides (Fig. S20 ). The remaining solutions were dried in a vacuum centrifuge. Each sample was brought up in 0.6 mL H 2 O and analyzed by HPLC with a Phenomenex Luna C8 analytical column (Torrance, CA, USA) using a linear solvent gradient that was isocratic for 2 min at 2% organic phase (0.1% TFA in MeCN) and then ramped from 2% to 60% organic phase over 30 min. Absorbance was monitored at 215 nm. MALDI-MS was used to confirm the identity of peaks (Fig. S21 ).
S37
Stopped Flow Trypsin Kinetic Measurements. Various concentrations of 28 were reacted with 25 µg/mL trypsin in sodium phosphate buffer as above at 25 °C. The fluorescence change was measured using a KinTek AutoSF-120 stopped-flow fluorometer to capture the initial phase. A plot of the average fluorescence change of three trials versus time is shown. (Fig. S22) Since the fluorescence signal is proportional to the concentrations of 28 and the AAµ product peptide, the fluorescence of 28, 25, and AAµ can be expressed in Equations (S6), (S7), and (S8). We also observed that with the same concentration of peptides, the fluorescence of 28 is 56.48% of 25's fluorescence, and the fluorescence of cleaved 28 (i.e., AAµ) is identical to 25. So that K'' thio = 0.5648 * K'' oxo = 0.5648 * K'' AAµ (S9)
Before 28 reacts with trypsin, the fluorescence can be expressed using Equation (S10). At any given time point t of the reaction of 28 and trypsin, the fluorescence of the reaction, F, comes from the mixture of 28 and cleaved 28 (AAµ), and can be expressed with Equation (S11). F = F AAµ + F thio = K'' AAµ [S]χ AAµ + K'' thio [S](1-χ AAµ ) (S11)
Here, χ AAµ is the mole fraction of cleaved 28 (AAµ).
Then, the fluorescence difference ∆F can be expressed with Equation (S12). ∆F = F -F 0 = (K'' AAµ -K'' thio )[S]χ AAµ (S12)
S38
By combining Equations (S9) and (S12), we can further simplify Equation (S12) into (S13). ∆F = 0.7704K'' thio [S]χ AAµ (S13)
Then we can calculate the concentration of cleaved 28 using Equation (S14)
[AAµ] = [S]χ AAµ = ∆F / 0.7704K'' thio (S14)
The initial rate (v 0 ) was then calculated as the slope 
